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Abstract 
The effect of retorting and oven cooking on the nutritional properties of beef frankfurters blended with 
palm oil (PO), red PO35 and red PO48 were compared against the control beef fat treatment. Red PO 
oven-cooked beef frankfurters resulted in a significant loss of vitamin E from 538.5 to 287.5 mg after 6 
months. Oven cooked sausages stored at –18_C and retorted sausages stored for the 6 months of shelf 
studies resulted in more than 90% loss of a-carotene and b-carotene in red PO beef frankfurters. 
Cholesterol was reduced at the range of 29.0–32.2 mg/ 100 g when beef fat was substituted with palm-
based oils, in beef frankfurters. Differences of heat treatments did not significantly change THE 
cholesterol content, within all treatments. This study showed the potential of utilizing red palm oils as 
animal fat analogues in improving vitamin E, reducing cholesterol but not carotenes in beef frankfurters. 
Keywords: Tocopherol, tocotrienol, carotene, cholesterol, oven-cooked, retort, beef frankfurter, red 
palm oil, palm oil 
 
Introduction 
Animal fats are added to meat products for reasons of cost-saving, texture and flavour. 
With the increase in the production of processed meats, animal fats and skin have become essential 
items in the formulation of meat products such as nuggets, burgers, balls, hot dogs and bologna (Babji et 
al. 1998). As more evidence concerning the benefits and risks associated with dietary nutrients are 
emerging in both the scientific field and the mass media, today’s consumers are more informed on the 
link between health and diet. Levels of saturated fat and cholesterol have been a major problem, 
resulting in meat products becoming the subject of scrutiny by nutritional, medical, and consumer 
groups (Colmenero 1996; Chizzolini et al. 1999; Resurreccion 2004; Ollberding 2008). Palm oils and red 
palm oils (RPOs) are cholesterol-free and naturally contain tocopherol, tocotrienols and carotenoids. 
These functional properties of palm fat raw materials, when used in the making of processed meats, 
may result in better 
 
 
quality products in the market THAT are safer and nutritious. The most common
synthetic antioxidants used in the food industry are butylated hydroxytoluene, butyl-
ated hydroxyanisole (BHA) and tert-butylhydroquinone. However, these synthetic
antioxidants are banned in several countries due to their carcinogenic risk
(Wanasundara and Shahidi 1998; Tang et al. 2001). For these reasons, natural anti-
oxidants are very important for human health. Therefore, the interest in natural anti-
oxidants, especially of plant origin, has greatly increased in recent years (Jayaprakasha
and Rao 2000; Baydara et al. 2007). Natural antioxidants have become a part of the diet in
human nutrition with the aim of decreasing the risk of disease such as coronary heart
disease, cancer (Higdon and Frei 2003; Bozkurt 2006) and also diabetes (McCune and
Johns 2002). Recently, natural grape seed, rosemary and oregano extracts are reported to
have more antioxidant activity over the storage period than did the synthetic butylated
hydroxyanisole and butylated hydroxytoluene (Sasse et al. 2009).
In PO and RPO, vitamin E occurs as a mixture of tocopherols (~30%) and
tocotrienols (~70%). Crude PO consists of 22% a-tocopherol, 20% a-tocotrienol,
46% g-tocotrienol and 12% d-tocotrienol (Hashimoto et al. 1980). Crude PO and RPO
contain between 500 and 700 ppm carotenoids (Ooi et al. 1996). The major compo-
nents are a-carotene (35–37%) and b-carotene (47–56%). These carotenoids have pro-
vitamin A activity. Carotenoids are often thermally degraded and removed during the
deodorization stage of the reﬁning process. In crude palm oil (CPO), these carotenoids
appear to offer some protection against oxidation by themselves, being oxidized ﬁrst
prior to the oxidative attack on the triglycerides (Choo et al. 1993).
Vitamin E compounds (tocopherols and tocotrienols) are well recognized for their
effective inhibition of lipid oxidation in foods and biological systems (Van Acker et al.
1993). Since vitamin E is only synthesized by plants, it is a very important dietary
nutrient for humans and animals (Hess 1993). Many researchers reported that the
antioxidant activity of tocopherols and tocotrienols is mainly due to their ability to
donate their phenolic hydrogens to lipid free radicals (Burton and Ingold 1989; Kamal-
Eldin and Appelqvist 1996). The relative antioxidant activity of tocopherols in vivo is
reported in the order a > b > d > g (Kamal-Eldin and Appelqvist 1996).
Carotenoids have been cited as responsible for the reduction of the risk of developing
degenerative diseases such as cancer, cardiovascular disease and macular degeneration
(Marcela et al. 2004). Carotenoids have also been shown in a number of studies to be
able to act as a radical scavenging antioxidant. The carotenoid pigments can be
decolorized by bleaching alone or with high-temperature treatment (110–149 F).
Conventional deodorization is done at 182–218 C (Onyewu et al. 1996). The carot-
enoid can also be degraded at deodorization temperatures of 260C and 219 C. Chiu
and coworkers suggested that the separation by membranes is effective in the recovery
of carotenoids from RPO, presenting a high potential regarding the use for industrial
application in the near future (Chiu et al. 2009). Another study on the modiﬁcation
method to minimize losses of carotenoids and tocopherols during high-performance
liquid chromatography (HPLC) analysis of RPO was performed by Lietz and Henry
(1997). They suggested that mild hydrolysis with the use of Candida cylindracea lipase
enables quantitative analysis of carotenoids and tocopherols in RPO without isomer-
ization or destruction of either carotenoids or tocopherols (Lietz and Henry 1997).
CPO contains about 800 ppm vitamin E, and about 70% of it remains in reﬁned,
bleached and deodorized (RBD) form. Most of the palm oil products sold in the market
are in the RBD form. Reﬁning is necessary to remove impurities and contaminants that
affect the quality of the end products (Ooi et al. 1996). RBD palm oil contains about
300–500 ppm tocopherols and tocotrienol and no carotene (MPOB 1981). In view of
the important of carotenes, and in order to sustain the carotenes in palm oil, a
molecular distillation process has been developed. The technology involves pretreat-
ment using phosphoric acid, followed by bleaching earth. The deodorization and
deacidiﬁcation is then carried out using molecular distillation unit under low temper-
ature and pressure (Choo et al. 1993). CPO that had undergone this patented process
yielded deacidiﬁed and deodorized RPO with various concentrations of carotene
content. RPO35 and RPO48 contain approximately 350 and 80 ppm carotenes
(Choo et al. 1993).
In recent years, there are few studies reporting on the effects of cooking/processing
on the carotenoid composition in vegetables (Padmavathi et al. 1992; Gayatahri et al.
2004; Marcela et al. 2004) but lacking in processed meat products. Researchers believe
that palm fats make sausages and other meat products better and healthy (Babji et al.
2001; Wan Sulaiman et al. 2001). Improved nutritional properties including vitamin E
content of chicken frankfurter where chicken oil was substituted with RPO was
reported by (Wan Sulaiman et al. 2001). Optimizing palm oil and palm stearin
utilization for sensory and textural properties of chicken frankfurters was studied
by Tan et al. (2004). They reported that texture proﬁles of the chicken frankfurters
containing PO (slip melting point [SMP] 54.9) and chicken fat were quite similar, but
increments of palm stearin (SMP 34.7) raised hardness, chewiness, and shear hardness
of the frankfurters. The higher the SMP of palm oil, the lower the acceptance of
frankfurters in most of the sensory attributes tested. Our previous study on utilizing
palm oil in beef patty and chicken frankfurter suggests that vitamin E is highly stable to
sterilization compared with oven cooking (Wan Rosli et al. 2006).
Since RPO contains high concentrations of vitamin E, pro-vitamin A and no
cholesterol, its stability during oven cooking and retort treatment of palm-oil-based
beef frankfurter has never been studied. Hence, the present research focused on the
nutritional value (vitamin E, carotenes) and cholesterol content of beef frankfurters
blended with PO and red PO (RPF35 and RPF48, respectively) during cooking and
storage. The decrease in concentration of vitamin E homologues and carotenes during
cooking and storage were also monitored.
Materials and methods
Sample preparation
Four beef frankfurter formulations were compared. Each formulation contained 15%
fat from beef (control), palm oil (SMP 41–44 C, iodine value (IV) 45–50), RPO35
(SMP 33–37 C, IV 48–53) or RPO48 (SMP 46–50 C, and IV 42–46). Palm oil was
supplied by Cargill Fats and Oils Specialty Company (Cargill Fats and Oils Specialty,
Port Klang, Malaysia) and the RPO (yellow in colour) was supplied by the Carotino
Company (Carotino Pte. Ltd, Johor, Malaysia). The palm oil and RPO (RPO35 and
RPO48) is called raw fat before being incorporated in the sausage formulation. Frozen
New Zealand beef and beef fat (raw fat) were purchased from Lucky Frozen Pte. Ltd.
Dry ingredients (Table I) such as potato starch, isolated soy protein, salt, sodium
tripolyphosphate, sodium erithrobate, nitrate, spices and seasoning were purchased
from Mackessen Pte. Ltd (Selangor, Malaysia).
Method of production ofbeefsausages
The ﬁnished beef batters were manually stuffed into 26 mm Viscofan cellulose casings
using a stuffer (FDIC, Hamburg, Germany). Two types of cooking methods on the
same four beef frankfurter formulations were evaluated. The oven-cooked sausages
were cooked in an oven, with a staggered time and internal sausage temperature
increments, starting with 55 C for 20 min, 65 C for the next 20 min, 75 C for 20 min
and 80 C for 15 min. A meat thermometer probe was attached to one of the sausage
links to record the internal temperature changes of the sausages during cooking. After
cooking, the frankfurters were cooled, weighed, peeled, and stored in the freezer at –
18 C. Another half of the stuffed batters were manually placed into 17 x 13 cm2 retort
pouches and kept in the chiller at 2–5 C until ready for sterilization. The beef
frankfurters in the pouches were then sealed, sterilized and retorted (Retort clutch
Model H60, type C50; Tokyo, Japan) at 121 C until an F-naught (FO) of 3.2 was
reached. After retorting, the frankfurters were cooled and stored at room temperature.
The processing of beef frankfurters was replicated twice.
Fat raw materials and fat extraction
The fat raw materials used in the sausage-making process consisted of beef fat, palm oil,
RPO35 and RPO48. The same four types of fats were extracted (Kinsella et al. 1977)
from the oven-cooked and retorted sausages at 0 and 6 months of storage. The
extracted fats were stored at –18 C for further analysis and comparisons were made
on vitamin E and carotene content between the extracted fats and the raw fat materials.
Raw fat materials were directly used for vitamin E and carotene analyses.
Vitamin E analysis
Vitamin E was analysed using HPLC (model number LC240; Perkin Elmer,
Massachusetts, USA) according to the method of AOCS (1992). Samples were
injected (20 ml) as peak responses of tocopherols and tocotrienols measured using a
ﬂuorescence detector with excitation and emission wavelength set at 290 nm and
330 nm, respectively. The analyses used a stainless steel Lichrosorb (250 mm  4 mm)
column, and the solvent system was hexane:isopropyl alcohol (99:1, v/v) at a ﬂow rate
Table I. Beef frankfurter formulations.
Ingredient Percentage
Beef 52.00
Fat (beef fat, palm oil, RPO35 and RPO48) 15.00
Water 24.91
Potato starch 2.50
Isolated soy protein 3.00
Salt 1.10
Sodium tripolyphosphate 0.30
Spices and seasoning 1.14
Sodium erithrobate 0.03
Nitrate 0.02
Total 100.00
of 1.0 ml/min. Vitamin E content of frankfurter sample was determined in triplicate.
The analyses were replicated twice.
Carotene analysis
Carotenes were determined using HPLC developed by Hart and Scott (1995) with
some modiﬁcations. Before extraction of carotenes, the lipid extracts were saponiﬁed
for 16 hours prior to extraction (Hart and Scott 1995).
Calculation ofpercentage reduction ofvitamin E and carotenes during storage
The percentage reduction of vitamin E and carotenes values during storage were
calculated based on the values of extracted fats from sausages at 0 or 6 months,
subtracted with values from initial raw fat materials, divided by the initial values of fats
detected from raw fat materials. The raw fat materials (beef fat, palm oil, RPO35 and
RPO48) are taken from the same batch of four types of fats used in the sausage-making.
Saponiﬁcation and extraction
Duplicated 5 g lipid extracts were placed in 500-ml saponiﬁcation ﬂasks (covered with
aluminium foil) together with 70 ml 1% (w/v) ethanolic pyrogallol and 20 ml 50% (w/v)
KOH. The ﬂask was then purged with nitrogen gas for 30 min prior to agitation and
shaken for 16 h at 20C. All procedures were conducted in the dark. All glassware was
also covered with aluminium foil.
Preparation ofstandard a-carotene and b-carotene
a-Carotene and b-carotene were dissolved in HPLC-grade hexane and made to volume
with hexane to give a ﬁnal solvent ratio of 1:9 v/v. All solvents contained 0.1% butylated
hydroxytoluene. A mixed working standard solution was prepared, in the mobile phase,
from individual stock solutions (Hart and Scott 1995). A calibration graph was
prepared from the HPLC standard concentrations versus peak areas.
Chromatography
Carotene content was analysed using HPLC developed by Hart and Scott (1995). The
HPLC system was an isocratic solvent delivery pump (Waters model 1515; Waters,
Massachusetts, USA) coupled with an ultraviolet detector (Waters model 2487). The
column system consisted of a 250 mm  4.6 mm, 5 mm Bondapak octadecylsilane
ODS (C 18) analytical column (SGE) modiﬁed by the placement of metal frits.
The mobile solvent system consisted of acetonitrile, methanol and dichloro-
methane (75:20:5 v/v/v) containing 0.1% butylated hydroxytoluene. The prepared
mobile phase was ﬁltered through a 0.45 mm Whatman membrane ﬁlter and
degassed using ultrasonic agitation. The ﬂow rate was 2.5 ml/min. Samples were
injected via a micrometer syringe (model 705; Hamilton, Nevada, USA) loading
injector ﬁtted with a 20 ml loop. Peak responses were measured at 450 nm using a
Waters brand variable wavelength UV/Vis detector with an output to a
chromatographic Breeze data handling system.
Cholesterolcontent
The cholesterol content was determined using a spectrophotometer (Bohac et al.
1988). The cholesterol was derived from the extracted fat from sausages, based
on Kinsella et al. (1977), before spectrophotometry is determined. The cholesterol
content is determined based on milligrams g of cholesterol, per 100 g fat, extracted
from the beef sausages (wet samples).
Statisticalanalyses
Data obtained were tested for signiﬁcance using analysis of variance and the Duncan
multiple range test with SAS version 6.12 (SAS 1989). Signiﬁcance was established at
P £ 0.05 unless otherwise indicated.
Results and discussion
Vitamin E content in beeffrankfurter
a-Tocopherol in all retorted and oven-cooked beef frankfurters signiﬁcantly decreased
(P < 0.05) after 6 months of storage. All oven-cooked beef frankfurters blended
with palm oil and RPO, except the control, signiﬁcantly decreased (P < 0.05) in a-
tocopherol concentration to a range of 54.5–72.5 mg/g (46–54% loss) during frozen
storage at –18C after 6 months (Figure 1a and Table II). However, a-tocopherol was
more stable in retorted beef frankfurters containing RPO3,5 which decreased from
113.5 to 64.5 mg/g (43%) compared with palm oil retorted beef frankfurters that
signiﬁcantly decrease (P < 0.05) from 135.5 to 72.0 (47%) after 6 months of storage
(Figure 1a and Table II). A similar trend of reduction in a-tocotrienol concentration
was also detected in both oven-cooked and retorted beef frankfurters. a-Tocotrienol in
retorted beef frankfurters decreased by 66.5–85.0 mg/g (34–46%) with retorted beef
substituted with RPO35 being the highest in a-tocotrienol concentration after 6 months
of storage at room temperature (Figure 1b and Table II). However, a-tocotrienol in all
oven-cooked beef frankfurters signiﬁcantly decreased (P < 0.05) by 53.0–68.5 mg/g
(47–57%), with oven-cooked beef frankfurters containing RPO48 being the lowest in
a-tocotrienol concentration after 6 months of storage.
g-Tocotrienol in all oven-cooked and retorted beef frankfurters recorded the highest
concentrations and signiﬁcantly decreased (P < 0.05) after 6 months of storage time
(Figure 1c and Table II). However, the percentage loss in g-tocotrienol was lower than
a-tocopherol and a-tocotrienol, being reduced by 29–38% or from 121.5 to 166.0 mg/g
in retorted beef frankfurters and by 41–45% or from 116.5 to 130.0 mg/g in oven-
cooked beef frankfurters after 6 months of storage (Figure 1c and Table II). After
6 months, d-tocotrienol decreased to 27.5 mg/g (35% reduction), 36.0 mg/g (42%), and
32.5mg/g (29%), respectively, for oven-cooked chicken frankfurter prepared with palm
oil, RPO35 and RPO48 (Figure 1d and Table II). However, retorted beef frankfurter
blended with palm oil recorded the lowest concentration in d-tocotrienol (28.0 mg/g)
after 6 months, with retorted beef frankfurter blended with RPO35 being the highest
concentration (47.5 mg/g).
All oven-cooked beef frankfurters substituted with palm oil, RPO35 and RPO48
decreased signiﬁcantly (P < 0.05) from 501.0 to 285.5 mg/g (43% reduction), from
538.5 to 287.5 mg/g (47%) and from 482.5 mg/g to 261.0 (46%) in item total vitamin E
020
40
60
80
100
120
140
160
Fat raw material Retort (0 mth) Retort (6 mth) Oven-cooked
(0 mth)
Oven-cooked
(6 mth)
Cooking method
C
on
ce
nt
ra
tio
n 
(m
ic
ro
 g
/g
)
Palm oil (PO) Red PO (RPO35) Red PO (RPO48) Beef fat (BF control)
0
20
40
60
80
100
120
140
160
Fat raw
material
Retort (0 mth) Retort (6 mth) Oven-cooked
(0 mth)
Oven-cooked
(6 mth)
Cooking method
C
on
ce
nt
ra
tio
n 
(m
ic
ro
 g
/g
)
Palm oil (PO) Red PO (RPO35) Red PO (RPO48) Beef fat (BF control)
a.
b.
Figure 1. (Continued).
050
100
150
200
250
300
Fat raw
material
Retort (0 mth) Retort (6 mth) Oven-cooked
(0 mth)
Oven-cooked
(6 mth)
Cooking method
C
on
ce
nt
ra
tio
n 
(m
ic
ro
 g
/g
)
Palm oil (PO) Red PO (RPO35) Red PO (RPO48) Beef fat (BF control)
0
10
20
30
40
50
60
70
Fat raw
material
Retort (0 mth) Retort (6 mth) Oven-cooked
(0 mth)
Oven-cooked
(6 mth)
Cooking method
C
on
ce
nt
ra
tio
n 
(m
ic
ro
 g
/g
)
Palm oil (PO) Red PO (RPO35) Red PO (RPO48) Beef fat (BF control)
c.
d.
Figure 1. (Continued).
concentration, respectively, after 6 months of storage (Figure 1e and Table II). Total
vitamin E concentration in retorted beef frankfurter blended with RPO35 was the
highest, which accounted for 363.0 mg/g (33% loss) after 6 months of storage (Figure 1e
and Table II).
The initial amount of vitamin E detected in beef fat during this study was 4 mg/g.
However, this amount was completely destroyed after storage. The mean values of
vitamin E content in retorted and oven-cooked beef frankfurters stored at room
temperature and –18 C signiﬁcantly decreased (P < 0.05) during storage. The loss
of vitamin E during storage may possibly be due to the formation of peroxides during
lipid oxidation. This may have occurred during processing, in the presence of oxygen
during mixing and chopping of meat batters. Peroxides were degradable at higher
temperatures but were stable at temperatures below 0C; as a consequence, they can
react with the vitamin E (IFST 1989).
Vitamin E was found to be more stable in retorted than oven-cooked beef frank-
furters. This observation suggests that vitamin E is highly stable to sterilization (high
temperature and short time) compared with oven cooking (low temperature and long
time cooking). Another reason may possibly be due to the storage conditions, where the
retorted beef frankfurters were stored at room temperature while the oven-cooked beef
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Figure 1. Concentration of (a) a-tocopherol, (b) a-tocotrienol, (c) g -tocotrienol, (d) d-tocotrienol and
(e) total vitamin E for retorted beef frankfurter formulated with palm-based oils during storage for 6 months.
frankfurters were stored at –18C. According to Ottaway (1993), vitamin E is unusual
in that it exhibits reduced stability at temperatures below freezing.
At high temperatures, oxygen has lower solubility in fats/oils so that autoxidative
peroxide formation proceeds at lower rates and becomes gradually substituted by
polymerization reactions (Marinova and Yanishlieva 1992). Another reason why
vitamin E is stable in retorted beef fankfurters may be due to the higher hydroperoxide
(pro-oxidant) decomposition at higher temperature (Kamal-Eldin and Appelqvist 1996).
This study also showed that both a-tocopherol and a-tocotrienol decreased faster than
the other two vitamin E homologue in beef frankfurters. The fast reduction of a-
tocopherol and a-tocotrienol in this study is possibly due to better antioxidant activity
than the other two homologues. This also could be due to degradation of the chromanol
ring of a-tocopherol and a-tocotrienol during heating due to the donation of the phenolic
hydrogen to a lipid peroxyl radical (Burton et al. 1985). The presence of more methyl
substituents in the phenolic ring of the a-tocopherol and a-tocotrienol does not only
enhance their antioxidant activity, but also increases their lipophilic properties, making
the a-homologues the most soluble vitamin E in lipid substrates (Van Acker et al. 1993).
Earlier study shows that precooked patties of turkey fed with a-tocopherol supplemented
diet had signiﬁcantly reduced TBARS numbers in both raw and cooked burgers (by
35–50%) during frozen storage at –20 C after 5 months (Wen et al. 1996).
Table II. Percentage reduction of vitamin E homologues for retorted beef frankfurter formulated with palm-
based oils during storage for 6 months.
Percentage reduction (%)a
Vitamin E
homologue Cooking method Storage time Beef fat (control) Palm oil RPO35 RPO48
a-Tocopherol Retort 0 months 100 36.53 11.45 38.98
6 months 100 46.86 43.17 46.19
Oven-cooked 0 months 100 29.86 27.31 31.36
6 months 100 46.49 46.26 53.81
a-Tocotrienol Retort 0 months n.c. 33.98 6.59 35.89
6 months n.c. 45.95 34.11 46.37
Oven-cooked 0 months n.c. 28.19 23.64 32.66
6 months n.c. 47.10 53.10 57.26
g-Tocotrienol Retort 0 months n.c. 20.10 7.04 17.44
6 months n.c. 38.17 29.21 36.67
Oven-cooked 0 months n.c. 29.01 24.31 32.82
6 months n.c. 40.71 44.56 37.95
d-Tocotrienol Retort 0 months n.c. 7.06 1.63 2.2
6 months n.c. 34.12 22.76 25.27
Oven-cooked 0 months n.c. 18.82 21.95 20.88
6 months n.c. 35.29 41.46 28.57
Total vitamin E Retort 0 months n.c. 25.95 7.24 26.01
6 months n.c. 41.82 32.59 41.55
Oven-cooked 0 months n.c. 27.74 24.51 31.30
6 months n.c. 43.11 46.61 45.91
aCalculations are based on the values of extracted fats from sausages at 0 or 6 months, subtracted from values
for initial fat raw materials, divided by the initial values of fats detected from fat raw materials. n.c., percentage
reduction of vitamin E in beef fat frankfurter was not calculated since all vitamin E homologues except
tocopherol are absent in beef fat material.
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Carotene content in beeffrankfurter
The a-carotene content in RPO35 and RPO48 before adding into frankfurter formu-
lation accounted for 135.6 and 31.0 mg/g, respectively (Figure 2a and Table III).
Meanwhile, palm oil and beef fat accounted less than 1 mg/g, respectively. Generally,
the percentage loss of a-carotene in all beef retorted and oven-cooked beef frankfurter
blended with RPO were more than 90%. However, the percentage loss of a-carotene in
both RPO48 and RPO35 retorted beef frankfurters were lower than in both oven-
cooked beef frankfurters substituted with RPO48 and RPO35 after cooking (0 month).
a-Carotene in retorted beef frankfurter blended with RPO35 lost 96% (from 135.6 to
6.1 mg/g), while oven-cooked beef frankfurter containing RPO35 lost 99% (from 135.6
to 1.3 mg/g) after 6 months of storage. A similar trend of a-carotene reduction was also
detected in RPO48 retorted beef frankfurters, which lost 94% or from 31.0 to 2.0 mg/g,
lower than in oven-cooked frankfurters, which lost 100% (from 31.0 to 0.0 mg/g).
b-Carotene was present in the highest amount in both raw RPO35 and RPO48 raw
fat. They accounted for 234.3 and 41.3 mg/g, respectively (Figure 2b and Table III).
The rate loss in b-carotene concentrations was similar to a-carotene. b-Carotene
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Figure 2. (a) a-Carotene content, (b) b-carotene content and (c) total carotene content of retorted and oven-
cooked beef frankfurters containing palm oil and RPO during storage for 6 months (–18 C).
decreased signiﬁcantly (P < 0.05) to 10.8 and 4.0 mg/g (95% and 90%), respectively, in
retorted beef frankfurters containing RPO35 and RPO48 after cooking (0 months).
They decreased further to 6.3 and 2.0 mg/g (97% and 95% loss) after 6 months of
storage. However, the percentage loss of b-carotene in retorted beef frankfurter was
slightly lower than oven-cooked beef frankfurter substituted with palm-based oil.
Cooking in the oven destroyed 98% and 96% or retained 5.0 and 1.7 mg/g b-carotene
in beef frankfurters containing RPO35 and RFO48 at 0 months. They signiﬁcantly
decreased (P < 0.05) to 1.8 and 0.0 mg/g (99% and 100%), respectively, after 6 months
of storage.
Total carotene concentrations in retorted beef frankfurter decreased in the range of
7.0–18.4 mg/g (90–95% loss). However, total carotene concentrations in oven-cooked
beef frankfurters substituted with RPO35 and RPO48 were signiﬁcantly reduced
(P < 0.05) by 97% and 95% or dropped to 10.0 and 3.3 mg/g, respectively, after 0
months of storage, and by 99% and 100% or dropped to 3.1 and 0.0 mg/g, respectively,
after 6 months of storage (Figure 2c and Table III). Total carotene concentrations in
retorted beef frankfurters formulated with RPO35 and RPO48 decreased from 370.0 to
12.3 mg/g (97% loss) and from 72.0 to 4.0 mg/g (95% loss), respectively, after 6 months
of storage.
The overall trend for a-carotene, b-carotene and total carotene, at 0 months,
indicated lower values in oven-cooked RPO treatments, compared with retorted
RPO. This could possibly be due to the longer cooking time in the oven-cooked
treatments, over retorted treatments. The same trend (Table II) was also observed in all
vitamin E values, with lower values at 0 months displayed by oven-cooked treatments,
compared with retorted palm oil (exceptions were a-tocopherol and a-tocotrienol of
palm oil and RPO48 at 0 months).
a-Carotene, b-carotene and total carotene degraded faster in oven-cooked beef
frankfurter than in retorted beef frankfurter substituted with palm-based oil. The result
also shows that a-carotene and b-carotene in beef frankfurter formulated with RPO was
Table III. Percentage reduction of the carotene content of retorted and oven-cooked beef frankfurters
containing palm oil and RPO during storage for 6 months (–18 C).
Percentage reduction (%)a
Carotene Cooking method Storage time Beef fat (control) Palm oil RPO35 RPO48
a-Carotene Retort 0 months n.c. n.c. 94.47 90.65
6 months n.c. n.c. 95.50 93.55
Oven-cooked 0 months n.c. n.c. 96.31 94.52
6 months n.c. n.c. 99.04 100
b-Carotene Retort 0 months n.c. n.c. 95.39 90.31
6 months n.c. n.c. 97.31 96.16
Oven-cooked 0 months n.c. n.c. 97.87 95.88
6 months n.c. n.c. 99.23 100
Total Carotene Retort 0 months n.c. n.c. 95.03 90.32
6 months n.c. n.c. 96.68 94.47
Oven-cooked 0 months n.c. n.c. 97.30 95.44
6 months n.c. n.c. 99.16 100
aCalculations are based on the values of extracted fats from sausages at 0 or 6 months, subtracted from values
for initial fat raw materials, divided by the initial values of fats detected from fat raw materials. n.c., percentage
reduction not calculated since the original carotenes in fat raw material is very low.
gradually degraded upon cooking and storage. Frying of fats and oils could also lead to
considerable losses of b-carotene, other carotenoids and vitamin A (Onyewu et al.
1996). The losses of carotenoid could be due to the heat during cooking; disintegrated
tissue, if coupled with exposure to oxygen, light and acid, can result in the destruction
of the provitamin A carotenoid (Gayatahri et al. 2004). However, b-carotene degraded
with a lower rate than lycopene but faster than a-carotene (Anguelova and Warthesen
2000).
Cholesterolcontent
All palm oil treatments, for retorted and oven-cooked frankfurters, at 0 and 6 months
storage, were signiﬁcantly lower in cholesterol values, when compared with beef fat
retorted and beef fat oven-cooked frankfurters. Replacing beef fat with palm oil
decreased the cholesterol level by 29.0–32.2 mg/100 g (22–26%) in retorted and
oven-cooked beef frankfurters (Table IV). There was no difference (P > 0.05) in
cholesterol concentration between all frankfurters blended with palm-based oils. Other
researchers reported that substituting animal fat with palm fat reduced cholesterol by
35–45% in chicken nuggets (Alina et al. 2000), 40% in chicken burgers (Wan Sulaiman
et al. 2000), 21–31% in beef burgers (Wan Rosli et al. 2004) and 28–33% in duck
burgers (Lee et al. 2001). Replacing chicken fat in nuggets with palm fat and red palm
fat also decreased the cholesterol content to 29 and 40 mg/100 g, respectively
(Nurhidayah 2001). The present study showed that there was no signiﬁcant difference
(P > 0.05) in cholesterol content within treatments, for all retorted and oven-cooked
beef frankfurters during storage at 0 and 6 months. This ﬁnding was supported by
Kowale et al. (1996), who reported that the initial cholesterol contents of raw, broiled
and pressure-cooked mutton samples remained unchanged during refrigerated and
frozen storage.
Values in the literature for the cholesterol concentrations of meats vary widely.
Cholesterol values for uncooked beef longissimus steaks were in the range of 52–66 mg/
100 g (Rhee et al. 1982), while cholesterol contents of raw ground beef patties were in
the range of 77–92 mg/100 g (Hoelscher et al. 1987). This present study showed that
substitution of animal fats with palm-based oils decreased the content of cholesterol in
Table IV. Cholesterol content of retorted and oven-cooked beef frankfurters containing palm oil and RPO
during storage for 6 months (–18 C).
Cholesterol content (mg/100 g) (percentage of reduction, %)
Cooking
method
Storage
time
Beef fat
(control) Palm oil RPO35 RPO48
0 months p41.2 ± 1.0 A p32.2 ± 1.3 B (22%) p32.0 ± 0.9 B (22%) p32.2 ± 1.0 B (22%)
Retort 6 months pq39.5 ± 1.0 A pq30.2 ± 1.7 B (24%) pq31.0 ± 0.7 B (22%) pq30.2 ± 1.0 B (24%)
0 months pq39.5 ± 0.7 A q29.3 ± 0.2 B (26%) qr30.1 ± 0.7 B (24%) pq30.3 ± 2.7 B (23%)
Oven-cooked 6 months q38.6 ± 0.0 A q29.0 ± 0.2 B (25%) r29.1 ± 0.6 B (25%) q29.1 ± 0.5 B (25%)
Mean values within the same row bearing different uppercase superscript letters differ signiﬁcantly (P < 0.05).
Mean values within the same column bearing different lowercase superscript letters differ signiﬁcantly
(P < 0.05).
Percentage of reduction (%) calculated based on the values of cholesterol detected in control sausages
subtracted from values of cholesterol detected in palm-based fat sausages divided by the values of cholesterol
detected in control sausage and multiplied by 100.
beef frankfurters because vegetable oils contain no cholesterol. Substituting 60% of the
beef fat with peanut oil in beef frankfurters resulted in lower cholesterol content
(52–56 mg/100 g) compared with beef frankfurters containing all beef fat, which
contained 62–87 mg/100 g cholesterol (Marquez et al. 1989).
Conclusions
The total vitamin E concentration in beef frankfurters stored at –18 C decreased with
frozen storage. Vitamin E was more stable in retorted beef frankfurters than in oven-
cooked beef frankfurters. g-Tocotrienol and d-tocotrienol decreased faster than either
g-Tocotrienol or d-tocotrienol. g-Tocotrienols and d-tocotrienols were quite stable in
beef frankfurters, with the latter being a more stable homologue. Retorting and oven
cooking destroy more than 90% of a-carotene and b-carotene in all beef frankfurters.
However, a-carotene, b-carotene and total carotene degraded faster in oven-cooked
beef frankfurter than in retorted beef frankfurter substituted with palm-based oil. In
retorted and oven-cooked beef frankfurters, we successfully reduced 22–29% of
cholesterol, compared with beef fat treatments. Differences of heat treatments, through
oven cooking and retorting, did not signiﬁcantly (P > 0.05) increase or decrease the
cholesterol content, within treatments, at 0 and 6 months of shelf studies. In summary,
the effect of cooking, frozen storage and the type of fats used could inﬂuence vitamin E
and carotene stability and content in beef frankfurters. This study showed the potential
of utilizing RPO as animal fat analogues in improving vitamin E, reducing cholesterol
but not carotenes in beef frankfurters.
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